Electrophysiological recordings 160
Midline thalamic T-type currents were recorded from cells corresponding to the same time points 161 as described for gene expression analysis. Brain slices were prepared and whole-cell patch clamp 162 recordings of T-type currents were performed according to established protocols (Alexander et 
Whole-cell Patch Clamp Analysis 177
Whole-cell electrophysiological data was analyzed as previously described (Graef et al., 2009) . 178
Briefly, average peak activation and inactivation currents were normalized to the peak of themaximally available current (I/I max ). This relative current was plotted as a function of pre-pulse 180 potential and fitted with a Boltzmann equation. The decay of maximally-elicited T-type currents 181 for all voltage-clamp recorded cells was fit in Clampfit 9.0 (Axon Instruments) with a standard 182 exponential decay function. Peak window currents were estimated by finding the intersection of 183 the averaged, fitted activation and inactivation curves with a custom MATLAB function. The 184 area under the two curves (AUC) was determined using the trapezoidal rule in Prism 185 (GraphPad), with the units corresponding to relative units multiplied by mVs (RU·mV) . 186
187

IFB model 188
Methods for the development of the modified integrate-and-fire or burst (IFB) model have been 189 described previously (Graef et al., 2009 
An action potential was generated when the membrane potential reached a defined threshold 198 (V Θ ), such that 199
Additional parameters were derived for the model based on experimental data collected during 202 voltage-clamp experiments. A constant conductance leakage current (I L ), was incorporated in 203
, with E L being the reversal potential of the leak current and g L being 204
calculated from the input resistance (Rm) and capacitance-derived cell surface area (S A ), using 205 the following equation, g L = 1/(Rm * S A ). The low-threshold Ca 2+ current, (I T ), is given by I T = 206
, with E Ca being the Ca 
We then generated contour plots of elicited bursts by running the model at 21 different holding 215 potentials following 21 different hyperpolarizing current injections of 500ms and plotted the 216 number of action potentials per burst at each of the 441 points. The values for the model 217 parameters are given in table 1. We then derived a burst index from each plot that was 218 calculated by multiplying the total percentage of elicited bursts (number of elicited bursts 219 divided by 441) by the average number of action potentials per burst. 220
221
Wireless EEG 222
Mice were implanted subcutaneously with telemetric physiologic monitors (Model F20-EET; 223
Data Sciences International -DSI, Arden Hills, MN) that simultaneously recorded EEG,electromyogram (EMG), temperature and activity. Briefly, animals were anesthetized with 225 ketamine and xylazine followed by the implantation of electrodes for recording EEG signals and 226 EMG signals. For placement of EEG wire leads, holes slightly larger than the coil diameter of 227 the transmitter lead wire were drilled in the skull 2mm on either side of the midline suture half 228 way between bregma and lambda. The exposed portions of the leads were placed between the 229 skull and underlying dura. Wires were secured to the skull with dental acrylic. EMG leads were 230 placed in the neck muscles and secured with sutures. The signal transmitter body was placed 231 subcutaneously over the dorsal thorax. Mice were allowed to recover from surgery for one week 232 prior to recording. The exposure paradigm during the 5-week recording period was as follows: 1 233 week baseline followed by 4 weeks intermittent ethanol exposure (5 p.m.-9 a.m. on days 1-5, no 234 exposure days 6 and 7). One EEG and one EMG channel were continuously recorded over the 235 entire exposure paradigm at a sampling rate of 500Hz, along with average activity counts and 236 body temperature measurements every 10 seconds. 237
238
EEG Analysis 239
EEG data were divided into 10s epochs and analyzed with a conventional FFT power spectra 240 function in 0.5Hz increments using Neuroscore software (DSI). A custom program written in 241 MATLAB was used to filter the raw power spectra into a 4-9Hz theta power band. Each 10s 242 epoch was then normalized to the maximum epoch within its respective 24hr period (5pm-5pm) 243 for each band. Normalized 10s EEG and activity epochs were then further averaged into 1h bins. 244
All data in the manuscript are presented as mean±SEM, with tests for significance provided 245 within the Results section. 246 . Here, we found significant variation between time points in 263 all three T-type isoform expression levels in the thalamic reuniens nucleus (RE) from air-264 exposed controls, with increased expression in the morning (9 a.m.), corresponding to the early 265 inactive period (n=4), and lower expression during the afternoon (5 p.m.), corresponding to the 266 beginning of the active period (n=4, p<0.05 unpaired t-test, figure 1) . 267
Results
248
During the multiple, intermittent ethanol exposure and withdrawal periods, mRNA levels 268 for both Ca V 3.2 and Ca V 3.3 were altered with a significant increase in Ca V 3.2 expression 269 immediately following 2 ethanol exposures (2EXP), and a significant upregulation of both 
69RU·mV). 317
Although the voltage-dependent gating properties during withdrawal are significantly 318 shifted to more depolarized potentials, they are similar to those recorded from air-exposed 319 controls during the time point corresponding to the inactive period (9 a.m.). Additionally, the 320 significant hyperpolarizing shift seen immediately following a fourth ethanol exposure resembles 321 control voltage-dependent properties measured during the early active period (5 p.m.). These 322 data indicate that ethanol exposure and withdrawal induce complex changes in T-type channel 323
properties that disrupt the normally-occurring daily variations observed in air-exposed animals. 324
Furthermore, withdrawal from intermittent ethanol exposures appears to increase the available T-325 type current at physiologically relevant membrane potentials, as suggested by the increases in 326 estimated peak window current. 327 As described earlier, low-threshold Ca 2+ bursts can be elicited in thalamic neurons through 364 hyperpolarizing current pulses followed by a return to holding potentials near resting membrane 365 voltages. Using this protocol, we tested several different hyperpolarizing pre-pulse currents 366 ranging from 25pA to 375pA followed by a rebound step to various holding potentials that 367 ranged from -50mV to -79mV to determine whether or not a low-threshold Ca We then employed a modified integrate-and-fire-or-burst (IFB) computational model that 381
we have previously used (Graef et al., 2009 ) to model the ethanol-induced alterations in whole-382 cell T-type currents, thereby reproducing the changes in low-threshold Ca 2+ bursts seen during 383 our chronic ethanol exposure paradigm. Figure 6A and B show the burst map generated by theIFB model for the air WD and 1d post 20WD time periods seen in Figure 5B and C, along with 385 representative traces generated by the model for the indicated times given on the graphs. We 386 then calculated a burst index from the generated burst maps for each time point that T-type 387 currents were measured as a means to gauge neuronal excitability ( figure 6C) 
T-type channel alterations in different models of hyperexcitability 517
Our results bear some similarities to our previous study of T-type channel function in a model of 518 chemically-induced epilepsy (Graef et al., 2009 ). In the current study, we also observed 519 increased thalamic excitability, but we did not record overt seizure activity during withdrawal 520 periods. The absence of ethanol withdrawal seizures could be partially explained by the less 521 dramatic and transient changes in thalamic T-type channels as compared to the persistent 522 alterations seen in an acquired model of epilepsy (Graef et In addition to the thalamus, EEG theta band disruption could also be partly due to the 552 reported effects of ethanol on hippocampal activity (Veatch and Gonzalez, 1996; Becker and 553 . Hippocampal-dependent theta oscillations have been shown to arise from inputs 554 coming from both the brainstem and medial septum (Colom et al., 1987; Oddie et al., 1994; 555 Buzaki, 2002) . The CA1 region also has dense excitatory projections to the mPFC, however 556 there are no direct, cortical feedback connections. Instead, mPFC axons form synaptic contacts 557 with the dendrites of RE neurons projecting to the CA1, suggesting that the RE is a critical node 558 involved in modulating activity between the CA1 and mPFC . The RE also 559 sends glutamatergic projections to the medial septum (Herkenham, 1978; Bokor et al., 2002 ; 560 Vertes et al., 2006) , placing these midline thalamic neurons in an advantageous position to 561 modulate both hippocampal-cortical and septohippocampal activity (figure 9). The changes intheta rhythms we observed during chronic ethanol exposure and withdrawal may be consistent 563 with augmented T-type channel bursts from thalamic RE neurons that are distributed onto 564 neuronal populations in the hippocampus, medial septum and mPFC. Indeed, our results support 565 this notion by demonstrating that the ethanol-induced disruptions in baseline theta frequencies 566
we observed persisted into a subsequent week of withdrawal and were restored with the T-type 567 channel blocker ethosuximide. This is in agreement with an earlier study that demonstrated 568 ethosuximide was able to reduced withdrawal symptoms in ethanol-dependent mice (Kaneto et 569 al., 1986) . 570
Finally, it is also important to note that, in addition to midline thalamus, neurons in the 571 CA1, medial septum and cortex all express T-type channels (Talley et al., 1999) . Potential 572 changes in T-type channel mediated bursts within these regions might also have contributed to 573 the observed ethanol-induced theta disruptions, as well as played a role in the ethosuximide 574 effects we saw during the withdrawal week. Future experiments investigating the effects of 575 chronic ethanol on the intrinsic excitability of these neuronal populations will help to further 576 clarify the role of these channels in ethanol-mediated alterations in theta rhythms. 577
In conclusion, our study illustrates unique functional properties of native T-type channels 578 in midline thalamus, including daily variations in functional channel properties. We 579 demonstrated a disruption of this baseline variation during a schedule of chronic, intermittent 580 ethanol exposures. Furthermore, the increase in T-type channel function during acute 581 withdrawal periods translated into a greater tendency for these neurons to burst, indicating a 582 strong T-type channel contribution to altered excitability during withdrawal. Finally, these 583 changes occurred in parallel with disruptions in EEG theta power that could be ameliorated with 584 the administration of the T-type channel blocker ethosuximide during withdrawal, suggesting afunctional role for these channels in the appearance of altered theta activity during chronic, 586 inactivation and activation curves were generated by normalizing the peak current for each step 824 to the maximally-elicited current (I/I max ) and plotting it against its respective pre-pulse potential. 825
The window current is represented by the shaded region underneath the inactivation (black) and 826 activation (gray) curves. 827 828 
